Background: Agenesis of the dorsal pancreas is a rare malformation. Since 1911 until 
Introduction
Dorsal pancreatic agenesis (DPA) is a very rare malformation which consists of the absence of the neck, body and tail of the pancreas derived from the bud of the dorsal endoderm (1, 2) . Since this anomaly was first described in 1911, until 2008 53 cases have been reported (3, 4) . Several authors have reported an association between DPA and acinar-ductal metaplasia (ADM), and the neoplasm of the remnant pancreas (ventral pancreas) and diabetes (5) (6) (7) (8) (9) The purpose of this systematic review was to evaluate the clinical features and pathologic findings of patients with DPA following on from seminal study by Schnedl (4) .
Methods

Search Strategy
We search medical literature using a comprehensive text word and MESH-based electronic search of MEDLINE and EMBASE; the Pub Med database and Scopus was queried including the terms: dorsal pancreatic agenesis, short pancreas, pancreatic agenesis, pancreatic hypoplasia, pancreatic anomaly and pancreatic aplasia from 1998 until December 2015 excluding all the cases previously reported by Schnedl (4) .
Additionally the references of relevant articles were hand searched for additional material. The search included abstracts, case-series, case reports, editorials, letters to the editor, and images in gastroenterology. We excluded review articles, studies reporting on fetuses, research animals, those in which clinical and pathologic data were missing, letters related to reported cases or those where the full text or abstract was nor written in English, Spanish, French or German. The search was performed by the two authors -JAC and JS -and the results were contrasted with one of the senior authors (FR).
Eligibility Criteria and Data collection
All reports on DPA were included, which described at least 1 case. Full-text articles were obtained to clarify potential eligibility and the selected studies were evaluated in accordance with the Preferred reporting Items for Systematic reviews and MetaAnalysis (PRISMA) statement (10) . Two authors (JAC, FR) independently assessed the studies selected and extracted the following data: first author, year of publication, country of origin, number of patients, age, gender, type of clinical presentation, associated disorders, genetic analyses, radiologic characteristics, treatment undertaken and pathology report.
Results
In total 1021 articles were retrieved from the primary database search and 54 articles were retrieved by manual cross-search of the reference list. Following removal of duplicates, 293 articles were assessed for further analysis; screening of the titles and abstracts enabled us to exclude 240 articles. The full-text articles of the remaining 41 studies were assessed for eligibility, we then excluded all reviews, commentaries on published cases and those studies not meeting the requirements for DPA: short pancreas or pancreatic hypoplasia. We excluded the cases of complete agenesia of the pancreas (3 articles), the so-called short pancreas (5 articles) and others reported as atrophy of the body and tail. A flow chart of the literature search is show in Figure 1 . Overall 30 articles met the inclusion criteria and these reported on 53 patients; 7 children and 46 adults. The disorders associated with the 53 cases reported since 2008 are summarized in Table 1 (5-9, 11-34).
Abdominal pain and Diabetes Mellitus were the most frequent clinical manifestation in 10 patients. Nine of the 53 patients underwent total pancreatectomy mainly for adenocarcinoma of the pancreas (Table 1) . Notably 4 cases were incidentally diagnosed. The clinical manifestations of DPA reflect the abnormalities in the embryogenesis of the dorsal pancreas. The exocrine and endocrine tissue of the pancreas come from a common pool of multipotent progenitor cells from the foregut which give rise to the trachea, lungs, esophagus, stomach, thyroid, liver, bile ducts and the pancreas (36) (37) (38) .
Discussion
In humans the initial bud of the pancreas is produced on day 26 of gestation (G 26d) with the dorsal bud and the two ventral buds forming on day 30 (G 30d) (Figure 2) . The left ventral bud regresses whilst the right ventral bud migrates posteriorly together with the rotation of the gut at 6-7 weeks of gestation (G 6-7w) and fuses with the dorsal bud.
With the fusion of both buds, morphogenesis and differentiation begin in the acinar, ductal and endocrine cells (1, 35, 37, 38) . These findings confirm the development of phenomena related to a reparative response in the residual pancreas. In experimental models of acute pancreatitis and in partial resections of the pancreas, regeneration of the pancreas has been reported in mice and children with nesidioblastosis, but never in adults (41, 48, 49) . In the regenerative response of the pancreas, the presence of acinar-ductal metaplasia has been reported in which there is an upregulation of ductal markers such as CK19 and SOX9. In mouse models the development of PDA with a ductal phenotype has been confirmed. This is consistent with the clinical findings of Rittenhouse (5, 50) .
Conclusion
Although DPA is a very rare malformation, given its association with non-alcoholic chronic pancreatitis and neoplasms of the residual pancreas (the ventral pancreas), physicians should maintain an expectant attitude. 
